


































































lakes such as these in the face of man-induced 
stresses. 

The seasonal oxygen depletion observed 
in West Bearskin Lake and the virtual disap
pearance of oxygen in the metalimnion and 
hypolimnion in Birch Lake may be related to 
long term increases in nutrients from cottage, 
home, or resort development. The lesser devel
opment on Mayhew Lake may be reflected in 
the lesser rate of oxygen depletion of this lake 
·compared to the other two lakes. Unfortunately, 
we do not have detailed historical data sets to 
thoroughly document change (i.e., decline) in 
lake trout habitat quality and quantity. Other 
lake trout lakes (e.g., East Bearskin, Poplar, 
Flour, and Greenwood lakes among others) have 
partially documented oxygen depletion prob
lems that begin at differing times during the 
thermally stratified period and may vary from 
year to year. These problems may also be 
related to cultural eutrophication. Changes in 
trophic status (i.e., increased production in the 
epilimnion and metalimnion, followed by de
composition and oxidation) may reduce lake 
trout habitat quantity and quality, and therefore 
adversely affect lake trout behavior, feeding, 
growth and reproduction. Population decline or 
loss of reproductive success in some lakes may 
be because of loss of spawning and nursery 
areas due to substrate degradation (Evans et al. 
1990). Habitat degradation on developed or 
developing lakes will become an increasing 
occurrence as pressure from developers, local 
government, and individuals continues, espe
cially if guidelines designed to minimize im
pacts to lakes are not stringently adhered to and 
enforced. The combination of cultural 
eutrophication and over harvest by anglers 
could cause reproductive failure and the col
lapse of a fishery, perhaps requiring frequent 
stocking to maintain a viable fishery. Habitat 
degradation may also be the cause of the loss of 
lake trout populations. 

THV, as defined by Payne et al. (1990), 
integrates temperature and oxygen profiles into 
a single measure. Some lakes with oxygenated 
but cold hypolimnions had low optimal THY. 
Although the cold would reduce growth and 
translate into reduced potential yields, the nature 
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of the stress to lake trout would be quite differ
ent from a lake with suboptimum or inadequate 
hypolimnetic oxygen. Extending the THV 
measurement to include the maximum depth at 
which dissolved oxygen is greater than or equal 
to 6.0 mg/I also seems to be a useful measure of 
lake trout habitat quantity and quality. The 
bounds of suitable thermal-oxygen habitat could 
be redefined as the water depth having tempera
ture :512 °C with at least 6.0 mg/I dissolved 
oxygen. These criteria would typically empha
size temperature at the upper boundary of lake 
trout habitat and oxygen at the lower boundary. 
This definition would provide a greater contrast 
between lakes having orthograde oxygen curves 
and those having clinograde curves. Calculating 
suitable thermal-oxygen habitat volume 
(T02HV) for lake trout on this basis may allow 
a more thorough comparison of lakes. A new 
T02HV lake trout harvest model, however, 
cannot be fully developed for Minnesota's lake 
trout lakes without actual sustained yield data 
from the full size range of these lakes. 

The THV-based model for estimating 
potential lake trout harvest (Payne et al. 1990) is 
useful, but it may not apply to all Minnesota 
lake trout lakes, especially small lakes. Observa
tions of lake trout use of relatively warm (19-
200C), epilimnetic waters in three relatively 
small (16 to 114 ha) Ontario lakes and other 
reports oflake trout in warm water (Olson et al. 
1988; Snucins and Gunn 1995; and previous 
investigators) prompted Sellers et al. (1998) to 
suggest that critical habitat for lake trout, partic
ularly in small lakes, is not adequately described 
by previously assumed niche boundaries. They 
stated that temperature-based niche boundaries 
for lake trout (8 °to 12 °C) are too low and too 
narrow for small lakes with simple fish assem
blages and that lake trout niche includes 
epilimnetic resources, as well as, suitable tem
perature and dissolved oxygen. In their study, 
lake trout occupied waters where temperature 
was greater and less than the fundamental 
thermal niche (10±2 °C) described by Magnuson 
et al. (1979, 1990). In this study, the presence of 
lake trout in some small Minnesota lakes theo
retically having no optimal JulyTHV 6 (e.g. 
Gordon, Snipe, and Cash lakes) or a very small 
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relative THV 6 (Jim Lake) may indicate that the 
assumed 12 °C upper temperature bound may 
indeed be too low. Relatively high dissolved 
·oxygen may be more important than tempera
ture alone in determining the presence oflake in 
small lakes (Evans et al. 1991). According to 
Sellers et al. (1998), 5 or 6 mg/I dissolved 
oxygen would be a realistic lower bound for 
optimal lake trout habitat. They, however, did 
not specify an upper temperature bound, indicat
ing that lake trout use of epilimnetic waters may 
be more dependent on potential forage in that 
zone and the presence or absence of potential 
competitors or warm- and cool-water predators 
(e.g., northern pike) than on temperature in 
some Ontario lakes. Small lakes having few or 
no competing or predacious warm- or cool
water fishes may allow lake trout to occupy a 
wider range of thermal habitats than in larger 
lakes having more diverse fish communities. 
Thus, for example, THV might be calculated 
using an upper bound of 15 °C for a lake having 
lake trout and northern pike, while 20°C might 
be used as the upper bound for a lake trout lake 
having no potential predators or competitors (B. 
Parker, personal communication, 2000), instead 
of 12°C. 

MEI yield estimates and July THV yield 
estimates can be regarded as first and second 
generation efforts at predicting lake trout yields 
from minimal data, that are easy to obtain and 
relatively easy to calculate (Payne et al. (1990). 
These estimates may allow initial decisions 
regarding harvest levels for lake trout lakes 
sustained by natural reproduction. Forty-nine 
percent of Minnesota's lake trout waters are less 
than 100 hectares. Only one Ontario lake in the 
data set used to develop the original JulyTHV 
model was smaller than 100 hectares in total 
area (Payne et al. 1990). Therefore, potential 
yields from the JulyTHV model for Minnesota's 
smaller lakes should be used cautiously because 
many are extrapolations beyond the original 
data set. 

The mean of JulyTHV yields (1.51 
kg·ha-1·year-1

) is approximately 3 times the aver
age MEI lake trout yield (0.53 kg·ha-1·year-1

). 

This may suggest that adopting the MEI yield 
for lake trout would be the more conservative 
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approach to selecting harvest and yield for many 
Minnesota lake trout lakes. The THV approach 
to estimating yield, however, accounts for 
habitat quality and quantity, factors that influ
ence yield of individual lakes. Using the THV 
approach to predicting lake trout yield for 
individual lakes may allow for cautious tailoring 
of angling regulations to groups of similar lake 
types. 

MEI and THV lake trout harvest levels, 
derived from the yield estimates, may not pro
tect lake trout populations in all lakes because 
other biotic and abiotic variables may be limit
ing in some lakes. Although sustainable lake 
trout yields from small lakes, having few com
petitors and less complex trophic structure, may 
be greater than yields from larger lakes, having 
more competitors or predators and more com
plex trophic structure (Carl et al. 1990), habitat 
elements other than temperature and oxygen 
may limit lake trout populations in small lakes. 
·Shallow mixing due to short fetch may limit 
oxygenation of the hypolimnion and cleansing 
of potential spawning areas (Payne et al. 1990). 
This condition may be worsened for small lakes 
that lie among hills or ridges, having infrequent 
wind exposure and incomplete spring or fall 
mixing. Lake trout lakes having these character
istics may have smaller sustainable yields and 
may be extremely vulnerable to overharvest. 

Recent analyses by Ontario biologists 
(Shuter et al. 1998) indicate that small lakes 
with low TDS values (e.g., 15 mg/I) are more 
sensitive to angler exploitation than larger lakes 
with relatively high TDS values (e.g., 180 mg/I). 
Low TDS values are characteristic of many 
Minnesota lake trout lakes (mean=37 mg/I, 
N=69). Thus, lake trout populations in some of 
Minnesota's small, low TDS lakes may be in 
jeopardy, and these vulnerable lakes may re
quire more habitat protection and more protec
tion from angler overexploitation (Shuter et 
al.1998). 

Predicted lake trout yields vary _within 
and among lakes, and the variation is attributed 
to differences in biotic and abiotic factors. Yield 
variation within lakes having complex basins 
may be due in part to variation in habitat quality 
and quantity in different parts of the lake. Year-



to-year variation in weather influences thermal 
budgets. Lake mixing and reoxygenation of the 
hypolimnion, depth of thermal stratification, 
primary productivity, and rate of oxygen deple
tion in the hypolimnion of most lakes and 
metalimnion of lakes that are oxygen-limited 
influence optimal habitat volume for lake trout. 
The differences in potential THV lake trout 
yield and safe MEI lake trout yield indicate that 
additional abiotic and biotic variables may need 
to be accounted for before more precise esti
mates of sustainable lake trout yield and harvest 
levels can be made for Minnesota lakes. Some 
of the biotic variables needed from representa
tive lake trout lakes include: lake trout growth 
and mortality rates, primary productivity, and 
for some lakes, a more complete knowledge of 
differences in lake trophic and community 
structure as well as angling effort and harvest 
data. Quantity and quality of spawning habitat 
is a very important abiotic factor that could limit 
reproductive success. 

From 18 summer and 42 winter creel 
surveys, Cook and Younk (1998) found that 
anglers keep a high proportion of lake trout. On 
average, 15% (SE=3.8) of the lake trout caught 
in summer are released, while in winter an 
average of 37% (SE=4.0) of lake trout are 
released. Not surprisingly, they found greater 
harvest rates (0.082 fish/angler-hour) for anglers 
targeting lake trout than for anglers that did not 
specifically target lake trout (0.034 fish/angler
hour). They found that the average size of lake 
trout caught by summer and winter anglers was 
similar, approximately 425 mm (TL) and 0.93 
kg. Summer anglers began to harvest (i.e., keep) 
lake trout at age 3, while winter anglers began 
keeping lake trout at age 5. They noted that as 
angling pressure (angler-hours/ha) increased the 
average size of lake trout decreased. As fishing 
pressure increases anglers catch rates (fish/hour) 
decline, and the proportion of smaller fish 
increases (Cook and Y ounk 1998). 

Human-induced stresses, including 
overexploitation, introduction of non-native 
species (e.g., smallmouth bass Micropterus 
dolomieu, walleye, and other species), and 
cultural eutrophication may have already put 
some lake trout populations in jeopardy, Some 
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of the lakes in the Superior National Forest and 
BWCA W may have been stressed due to fishing 
before the advent of snowmobiles when float- or 
ski-equipped aircraft could access lake trout 
lakes. Use of snowmobiles almost certainly 
increased stress· on some sensitive lake trout 
populations, especially those in relatively small 
lakes. Aerial counts showed anglers using 
snowmobiles visited 27 lakes of a sub-sample of 
3 6 lake trout lakes in the BWCA Wand Superior 
National Forest during the winter 1965 angling 
season (Schumacher et al. 1966). 

Restrictions on snowmobile use in the 
BWCA W may have allowed some stressed lake 
trout populations to recover or partially recover. 
With the passage of the Wilderness Act of 1964, 
legal snowmobile use was limited to certain 
routes that allowed relatively easy access to 
some of the larger lake trout lakes, such as 
Knife, Little Knife, Cypress, Ima, Thomas, and 
Fraser (Heywood 1981). At that time winter 
access to smaller lake trout lakes in the 
BWCA W was restricted to nonmotorized travel 
(walk, ski, dogsled). Based on aerial counts in 
winter 1965, Schumacher et al. ( 1966) indicated 
that 5 of 3 6 lakes in Cook County (Trout, 
Clearwater, Partridge, Dunn, and Fay lakes) in 
or near the BWCA W boundary may have re
ceived yearly angling pressure approaching or 
exceeding a critical level of approximately 12 
angler-hours/hectare. This was considered to be 
the maximum allowable pressure for a sustain
able lake trout yield. That study, however, did 
not estimate lake trout yield. In 1980, after the 
1979 closure of the snowmobile route to 
Thomas, Ima, and Fraser lakes (Public Law 95-
495), fishing pressure (range: zeroto 8.9 angler
hours/hectare; x = 2.4) on 28 lakes in the 
MNDNR Ely management area, such as Knife, 
Little Knife, and Cypress, appeared to increase 
while it decreased or was eliminated on less 
accessible lakes (Heywood 1981). In winter 
1981, estimated lake trout yield from these 28 
Ely Area lakes ranged from 0 .0 to 1.1 kg/ha ( x 
= 0.35). During winters of 1980-1982, angling 
pressure on 9 BWCA W lakes in the MNDNR 
Grand Marais area ranged from 0. 0 to 17 .2 
angler-hours/ha (x = 4.3) with pressure being 
highest on the more accessible lakes. Estimated 



winter yields on these 9 lakes ranged from 0.01 
to 2.14 kg/ha ( x = 0.57). During the same 
period, angling pressure on 12 lakes outside or 
partially outside the BWCA W ranged from <0.1 
to 60.4 angler-hours/ha ( x = 11.8) with pressure 
being higher on relatively small, stocked lakes. 
Estimated yields on these 12 lakes in winter 
ranged from 0.01 to 3.74 kg/ha (x = 1.03). 
Considering Healey's (1978) estimate that lake 
trout lakes with angling yields exceeding 0.45 
kg·ha-1·year-1 likely are overfished, Martin and . 
Olver' s (1980) recommendation that yields in 
the range of 0.25 - 0.75 kg·ha-1·year-1 may be 
sustainable, and the OMNR (1982) recommen
dation that a safe lake trout yield may be 25% of 
the MEI fish yield, some of Minnesota's rela
tively old, winter creel survey information 
indicates that sustainable lake trout yield levels . 
were exceeded in some BWCA W lakes and 
non-BWCA W lakes. This is particularly disturb
ing because the undetermined harvest from the 
open-water season may have been a major part 
of the total annual harvest. 

In 1984, the cessation of all legal snow
mobile travel within the BWCA W made moni
toring winter angling activity in the BWCA W 
difficult. Almost no quantitative or qualitative 
angling effort or harvest information has been 
collected for lakes in the BWCA W since. The 
closure of snowmobile routes in the BWCA W 
may have concentrated winter angling effort on 
lake trout lakes outside and on the periphery of 
the BWCAW. For almost all lake trout lakes in 
the BWCA W we do not know how current 
winter and summer harvests relate to either MEI 
or THV harvest levels. Yet, angling for lake 
trout, especially in the spring before thermal 
stratification, is a popular activity in and out of 
the BWCA W. Some of the native lake trout 
fisheries likely have been or are being 
overexploited by a combination of summer and 
winter angling. Since the snowmobile access to 
most lakes is illegal, it is likely that most harvest 
oflake trout in the BWCA W now occurs during 
the open-water season, except perhaps for 
BWCA W lake trout lakes that are easily ac
cessed during winter (e.g., Partridge, Daniels, 
and Duncan lakes). There are, however, some 

· BWCAW lakes that are targeted by winter 
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anglers that traveling by snowshoes, skis, or 
dogsled. It is possible that groups of anglers, 
summer or winter, could exceed the safe harvest 
levels for some small lakes. 

Management and Research Implications 

Given that lake trout are highly sought
after and are a limited resource in Minnesota ' 
lake trout populations that may be stressed 
should be identified. They should be considered 
for greater protection from over-exploitation by 
anglers, and greater protection from cultural 
eutrophication or other human-induced stresses. 
It is likely that there are few, if any, Minnesota 
lake trout populations capable of supporting 
commercial fisheries. Angler harvest levels 
higher than those occurring now may not be 
sustainable for most unstocked lake trout lakes 
and some lakes are probably already over
harvested. There is a continuing need to deter
mine the status and use of Minnesota's rela
tively remote, unstocked lake trout populations, 
as well as those in more accessible lakes. 

Lake trout populations that may be at 
risk should be identified by further evaluation of 
thermalhabitat(RyanandMarshall 1994). Their 
definition of lake trout niche, based on mean 
depth, primary productivity, and seasonal oxy
gen depletion, can be used tentatively to identify 
and categorize Minnesota's lake trout popula
tions that may be at risk. Further analyses of 
existing? and new data, using concepts and 
procedures developed and discussed by Payne et 
al. (1990), Ryan and Marshall (1994), Marshall 
(1996), and Shuter et al. (1998) are recom
mended. Greater understanding oflake trout use 
of relatively warm water in some lakes (Sellers 
et al. 1998) may require modification of the lake 
trout niche definition. Further evaluation oflake 
trout behavior, lake trout predator-prey relation
ships, growth, and angler exploitation would be 
useful in making lake trout management deci
s10ns. 

Additional field data is needed. TDS 
measurements can easily be made with inexpen
sive, highly portable meters. Detailed depth
temperature-dissolved oxygen profiles should 
continue to be gathered from known and sus-



pected lake trout lakes, especially during the 
July-August stratification. On specific lakes, 
where dissolved oxygen is suspected to be 
limiting, it would be useful to have DT02 data 
collections before stratification to determine the 
extent of oxygen recharge in spring, and just 
before fall mixing to have a more Qomplete 
understanding of oxygen depletion. DT02 data 
from multiple years would be valuable in as
sessing year-to-year variation in lake trout 
habitat quantity and quality. Field crews should 
collect DT02 data from the deepest location on 
a lake as standard procedure. For lakes with 
complex or separate basins, multiple DT02 

profiles are useful in documenting within lake 
variation. Additional water transparency (sum
mer Secchi disc visibility), spring total phospho
rus, and summer chlorophyll a concentration 
measurements are needed. 

With few exceptions, there is little 
current, reliable harvest or yield information 
from Minnesota lake trout lakes to compare to 
safe or potential harvest estimates. A great deal 
of effort would be required to obtain the needed 
data. Yield estimates for an entire angling year 
are rare. Carefully designed creel surveys and 
population studies can produce valuable fishery 
and population statistics, however, these efforts 
are labor intensive and difficult in remote areas. 
Angler diaries or surveys may be tested. Current 
status of lake trout in remote lakes can be veri
fied by careful sampling with alternative netting 
gear designed to minimize mortality, especially 
on small lakes, and acoustic methods may be 
tested. Radio or ultrasonic telemetry may pro
vide better understanding of lake trout habitat 
use. 
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Appendix Table 1. Dates of winter (VV) and summer (S) (i.e., spring-summer-fall) creel surveys of Minnesota lake trout 
lakes for which yield and harvest estimates are included in this report (see Table 4). Abbreviations: 
BWCAW = Boundary Waters Canoe Area Wilderness; Y = yes; N = no. 

BWCAW Lake trout 
MN lake lake stocked 

Lake name number (YIN) (YIN) Season Creel survey year(s) Reference 

Roosevelt 11-0043 N y w 1995 Bohlander, D.J. 1996 

Trout 16-0049 N N s 1979-1983, 1997 various 
w 1978-1981, 1984 various 

Greenwood 16-0077 N YIN w 1982 Persons, S.E. 1985a 
Pike, West 16-0086 y N s 1954, 1955, 1956 Micklus, R.C. 1959a 
Mountain 16-0093 y N s 1954, 1955, 1956 Micklus, R.C. 1959b 
Alder 16-0114 y N w 1982 Persons, S.E. 1985a 
Clearwater 16-0139 y YIN s 1936, 1954, 1955, 1956, Micklus, R.C. 1959c, 

s 1986, 1997 Persons, S.E. 1987, 1998 
w 1981, 1985 Persons, S.E. 1985, 1986 

Daniels 16-0150 y YIN w 1980, 1981, 1984, 1985, 1991 Persons, S.E. 1985a, 
1986, 1992 

Trout, Little 16-0170 y N w 1980, 1981 Persons, S.E. 1985a 
Ram 16-0174 y y w 1980, 1981 Persons, S.E. 1985a 
Kemo 16-0188 N y w 1981, 1984 Persons,S.E. 1985a, 1989 
Bearskin, W. 16-0228 N y s 1986, 1997 Persons, S.E. 1987, 1998 

w 1980, 1981, Persons, S.E. 1985a 
w 1983-1990 Siesennop, G.D. 1992 

Duncan 16-0232 y y s 1986 Persons, S. E. 1987 
w 1980, 1981 Persons, S.E. 1985a 
w 1983-1990 Siesennop, G.D. 1992 

Partridge 16-0233 y N w 1980, 1981 Persons, S. E. 1985a 
Moss 16-0234 N y w 1980, 1981, 1985 Persons, S.E. 1985a, 1986 
South 16-0244 y N w 1973, 1974, 1975, 1980, 1981 Kucera, T.A., and B.L. 

Torp. 1976a,b; Torp, B. et 
al. 1977, Persons, S.E. 
1985a 

Birch 16-0247 N y s 1986 Persons, S.E. 1987 
w 1973, 1974, 1975, 1980, 1981 Kucera, T.A., and B.L. 

Torp. 1976a,b; Torp, B. et 
al. 1977; Persons, S.E. 
1985a 

w 1983-1990 Siesennop, G.D. 1992 
North 16-0331 N N s 1992 Persons, S.E. 1993 
Mayhew 16-0337 N y s 1986 Persons, S.E. 1987 

w 1973, 1974, 1975, 1980, 1982 Kucera, T.A., and B.L. 
Torp. 1976a,b; Torp, B. et 
al. 1977; Persons, S.E. 
1985 

w 1983-1990 Siesennop, G.D. 1992 
Gunflint 16-0356 N YIN s 1983, 1992 Persons, S.E. 1984, 1993 

w 1980, 1982, 1984, 1990, 1993 Persons, S.E. 1984, 1991; 
Eiler, P.D. 1993 

Loon 16-0448 N YIN s 1986 Persons, S.E. 1987 
w 1980, 1984, 1990, 1993 Persons, S.E. 1984, 

1985a, 1991; ~iler, P.D. 
1994 

Tuscarora 16-0623 y N w 1973, 1974, 1975, 1980, 1981 Kucera, T.A., and B.L. 
Torp. 1976a,b; Torp, B. et 
al. 1977, Persons, S. E. 
1985a 
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Appendix Table 1. Continued. 

BWCAW Lake trout 
MN lake lake stocked 

Lake name number (Y/N) (YIN) Season Creel survey year( s) Reference 

Seagull 16-0629 y N s 1937, 1956, 1957 Micklus, RC. 1959d 
w 1980 Persons, S.E. 1985a 

Saganaga 16-0633 y N s 1984, 1985, 1991, 1995 Persons, S.E. 1985b, 
1986, 1992, 1996 

w 1988, 1992, . 1996 Persons, S.E. 1989, 1993, 
1997 

Trout, Big 18-0315 N y s 1988 . Nelson, RT. 1989 
w 1995 Bohlander, D.J. 1996 

Trout 31-0410 N y s 1982-1984 Thompson, R., and D. 
Holmbeck, 1985 

w 1982 Holmbeck, D. 1982 
Caribou 31-0620 N y w 1979-1982 Holmbeck, D. 1982 

Cherry 38-0166 y N w 1980 Heywood, C.M. 1981 
Topaz 38-0172 y N w 1980 Heywood, C.M. 1981 
Holt 38-0178 y .N w 1980 Heywood, C.M. 1981 
Hanson 38-0206 y N w 1980 Heywood, C.M. 1981 
Ester 38-0207 y N w 1980 Heywood, C.M. 1981 
Cypress 38-0211 y N w 1980 Heywood, C.M. 1981 
Rabbit 38-0214 y N w 1980 Heywood, C.M. 1981 
Kekekabic 38-0226 y N w 1980 Heywood, C.M. 1981 
Amoeber 38-0227 y N w 1'980 Heywood, C.M. 1981 
Knife, Little 38-0229 y N w 1980 Heywood, C.M. 1981 
Missionary 38-0398 y N w 1980 Heywood, C.M. 1981 
Explorer 38-0399 y N w 1980 Heywood, C.M. 1981 
Knife 38-0404 y N w l980 Heywood, C.M. ·f 981 
Snowbank 38-0529 Y/N N w 1973, 1974, 1975, 1984, 1991 Torp, B. et al. 1977; 

Kucera, TA, and B.L. 
Torp 1976a,b; Heywood, 
C.M. 1986; Thompson, D. 
1991 

Ojibway 38-0640 N N w 1973, 1974, 1975, 1984 Torp, B. et al. 1977, 
Kucera, TA, and B.L. 
Torp 1976a,b; Heywood, 
C.M. 1986 

Grindstone 58-0123 N y s 1962,.1963, 1966, 1985 Groebner, J. 1969; Korby, 
B., and R Mead, 1986 

Burntside 69-0118 N y w 1973, 1974, 1975, 1984, 1992 Torp, B. et al. 1977; 
Kucera, TA, and B.L. 
Torp 1976a,b; Heywood, 
C.M. 1986; Thompson, D. 
1992 

43 



wish to thank Todd Marwitz and Rod Pierce for 
.,_,.,,,._.,.,,.... ~"""'''-"-_. .... .., ...... ,"'" Erik Acker in 1998 and .,,. ......... +,"' .. 

sets respective areas. to 
encouragement. Thanks to Charles Anderson for his consultation and 

Edited by: 




